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An aspirational global food system is one that delivers across a suite of the Sustainable Development Goals (SDGs),
including universal access to healthy diets, which can also codeliver on climate and environment SDGs. The liter-
ature has downplayed the relative contribution of dietary change to sustainable food systems. In this perspective
article, we argue that the potential for positive transformational change in diets should not be underestimated, for
two sets of reasons. First, the dynamism of diets over long-term and, especially, recent history shows the potential
for rapid and widespread change, including towardmore diverse and healthier diets. Second, contemporary behav-
ioral research demonstrates promising tactics to influence consumers’ dietary choices. Since the entire food system
creates the circumstances of those choices, themost effective strategies to shift diets will involvemultiple approaches
that deliberately aimnot just to influence consumers themselves but also to incentivize all actors in the food systems,
taking into account multiple agendas and values. The effectiveness of actions will depend on the political economy
at local, national, and global levels. Overall, there are reasons to be hopeful about the potential for accelerated global
dietary change, given both historic trends and the growing suite of tools and approaches available.
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Introduction
To realize the vision of the Sustainable Develop-
ment Goals (SDGs) and, in particular, to achieve
zero hunger (SDG2) while keeping climate change
under 2 °C (SDG13), we will need not only greater
food security among poor or marginalized people,
but also a shift to greater sustainability in patterns
of consumption among wealthy people (SDG12).1,2
Modeling studies suggest that it is, in theory, pos-
sible for everyone to have a nutritious diet made
up of diverse foods that could vary among cultures,
without breaching the 2 °C limit, even with pop-
ulation growth to 2050.3,4 But this would involve
drastic changes in diets for many. For undernour-
ished populations, it would involve diversifying the
types of foods consumed, combined with a mod-
erate increase in consumption of animal-source
foods, especially for children, while for people at the
higher end of the consumption spectrum, it would
instead involve decreasing energy intake and shift-
ing toward a more plant-centric diet, with a higher
volume and diversity of pulses, nuts, whole grains,
tubers, fruits, and vegetables.5,6
Yet, diets are often considered relatively diffi-
cult to change from three related perspectives. The
first is one of principle, that what we eat is a
matter of sovereign personal or collective choice.7
The second is based on practical experience, for
example, evidence of poor long-term outcomes
from dietary weight-loss programs.8 The third is
theoretical, based on the premise that there are
few levers for society-wide behavioral change. For
example, a common view among the environmental
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community is that achieving emissions reductions
via changes in agricultural practices and technolo-
gies will be much easier to accomplish than via
dietary change among billions of consumers.4,6
To date, governments, industry, and civil society
organizations in high-income countries have faced
barriers to taking action on diets in a holistic man-
ner, leading to modest and slow improvement.5,9
In many low-income countries, governments have
implemented health and agricultural development
programs to reduce undernutrition, and are begin-
ning to take steps to address poor dietary qual-
ity, but have struggled to embrace more compre-
hensive food system strategies that would balance
multiple desired outcomes related to nutrition, food
security, climate, environment, and socioeconomic
development.10
In this paper, we set out to challenge the view
that changing food demand is more difficult than
changing food supply, with a more hopeful vision
for dietary transformation. We contend that diets
are in constant flux, with large changes evident even
within single generations and across very different
cultures. Change in diet, indeed, is not only possi-
ble, but is the norm. In addition, behavioral research
is generating a wide suite of tools and approaches
to situate healthy and sustainable eating as the nor-
mal, easy, and appealing choice. Holistic approaches
that change diets in tandem with food system-wide
transformationmaymeet with greater success, since
consumer preferences are far from independent of
the multitude of supply-side drivers and political
economy of food availability and access. We add
to a suite of voices5,6,11 that contend that a broad
approach to healthy and sustainable diets—one that
involves new tools for behavioral change but also
encompasses actions across whole food systems—
will be essential to enabling the needed transforma-
tions at the global scale.
To address those issues, we conducted a thorough
review of the literature on dietary change in relation
to food and land system change. We started with
the major global foresight and analytic studies pub-
lished since 2015. From these, we moved to explore
some of the less well-elaborated areas of enquiry
among food system specialists (as opposed to
nutrition, public health, and behavioral specialists),
particularly the evidence on effective strategies to
promote dietary change and the cross-food-system
linkages that create the enabling environments to
promote simultaneous transformation of diets and
food systems. We sought out published sources
related to both high and lower-income countries,
though on strategies for dietary change we found
substantially more literature related to high-income
countries.
Diets in flux
Diets can change very quickly, within a gener-
ation. A global nutrition transition, from diets
with a high proportion of a limited set of staples
toward more diversified diets that are higher in
energy and macronutrients—as well as in specific
food groups, such as meat, sugar, processed foods,
and foods eaten outside the home—has been well
documented.12–16
People, almost without exception, are eating
more food than their grandparents did. The mean
2250 calories humanity consumed in 1960 rose to
2800 by 2010, a 24% increase globally in half a cen-
tury. Similar trends are true for protein (+25%), fat
(+46%), and food mass (+25%).17
Paradoxically, individual diets have diversified,
while global diets grew more homogenous, with
national food supplies becoming 36% more sim-
ilar over the half century.17 Production and con-
sumption of vegetable oil from oilseed crops, such
as soybean, palm oil, sunflower, and rapeseed, has
also risen, partly associated with the rise in intake
of processed foods and snacks.18,19 Intakes of veg-
etables, fruits, nuts and seeds, and polyunsatu-
rated fatty acids have shown positive trends,20,21
but still remain below recommended levels in most
regions,22 particularly among poorer people, for
whom recommended levels of fruits and vegetables
are often simply not affordable.23,24 Nonetheless, in
some countries, such as South Korea and Japan,
healthier eating patterns have prevailed.25,26
Meat consumption increased globally by 20 kg
per capita between 1961 and 2014, though high-
income regions, where consumption is the high-
est, experienced stagnation in total consumption
and a decline in beef relative to chicken.18 Food
intake levels are closely associated with wealth.27
However, more recent data suggest a rise in low-
meat diets across several European countries; super-
markets reported plant-based products to be their
biggest source of growth in 2018 and wider indus-
try research revealed that products labeled as vegan
increased sales by 276% in a year.28–30 However,
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these trends reflect only a small segment of the
global population, rising from a low baseline of
vegetarians and vegans. As yet, these retail trends
have not made a significant dent in OECD livestock
import and export figures.31 They also sit against
a backdrop of far bigger global increases in meat
consumption, with billions across Asia and Africa
entering the middle class, driving an expected 74%
increase in demand for meat by 2050.32
The drivers of rapid dietary change include
urbanization, rising incomes, and societal changes,
such as greater participation by women in labor
markets, but also developments in technology,
business strategies, and public policy.11,33–35 In the
second half of the 20th century, poverty-reduction
and economic development imperatives in low-
andmiddle-income countries focused onmultiplier
effects from investment in agriculture.34 In parallel,
the scaling out of high-yielding wheat and rice
in Asia under the green revolution brought lower
and more stable consumer prices.36 Brazil’s 40-fold
increase in per capita intake of soy was brought
about in large part due to intense investment in the
domestic cultivation of the crop, supported by state
economic incentives and agricultural research.37
In high-income countries, post-war food security
policies prioritized maximizing macronutrient
availability through supply-side policy instruments,
such as marketing boards, land taxes, and farm
subsidies.11,38
Beyond agricultural and food security policies,
trade policy has been pivotal to dietary change. A
key turning point was the Uruguay Round of the
General Agreement on Tariffs and Trade (GATT) in
1994, which opened long-protected domestic food
markets through pledges to harmonize standards
and to reduce both tariffs and nontariff barriers.38
Global trade frameworks under GATT and the
World Trade Organization, and subsequent free
trade agreements, such as the North American Free
Trade Agreement, have been identified as catalysts
for vertical and horizontal integrations in food sup-
ply chains, value addition via greater processing,
and, in turn, increased availability and consump-
tion of food,39,40 particularly unhealthy processed
foods high in sugar, salt, and added fats and low in
fiber and other nutrients, leading to an upsurge in
obesity in all regions.38,41,42 The middle segments
of food supply chains—particularly processors—
increasingly drove a gap between the nutritional
content and prices of agricultural produce versus
the foods available for consumers in retail and food
service facilities.43–47 Highly processed foods com-
prise 75% of calories in the United States,45 and
other countries are catching up; purchase of pro-
cessed foods has recently grown at 50% per year in
China.48
The outcomes of the rising availability and afford-
ability of diverse foods have been mixed.20 The
global rate of hunger declined from 19% to 12%
between 1990 and 2012,49 although it has slightly
risen again since 2015.50 Over the same period,
the percentage of stunted children fell from 40%
to 24%.51 However, this transition has also been
associated with a global rise in obesity, heart dis-
ease, and type 2 diabetes.9,13 The combined num-
ber of overweight and obese adults globally is pro-
jected to rise from 1.33 to 3.28 billion between 2005
and 2030.51,52 In Nigeria and Ethiopia, the num-
ber of adults with diabetes is projected to double
from 2011 to 2030.53 The transition toward more
processed food may have contributed to reducing
hunger by making calories, protein, and fat more
widely available worldwide.54 But highly processed
foods often have unhealthy nutritional profiles and
fail to improve the sufficiency of vital micronutri-
ents, such as vitamin A, iron, and zinc, in regions
where deficiencies are significant in diets.5,15,55,56
Strategies to change consumers’ dietary
choices
In theory, a widespread shift in diet is achiev-
able: there are no major technological challenges
to address, and there is little that would prevent
individuals in high-income countries from chang-
ing to diets that would offer benefits to both health
and environment. Yet, unhealthy dietary habits
remain prevalent. The bulk of studies to date show
that it is possible to influence positive dietary
change, but achieving changes in habit, tastes, cul-
ture, and norms presents challenges.57 This sec-
tion examines some of the ways we might begin
to encourage those changes. We focus on high-
income countries because of the concentration of
research there, but scattered studies conducted in
low-income andmiddle-income countries, whether
large economies, such as China and India, or
smaller, such as Malawi and Kenya, indicate similar
behavioral patterns among consumers.58,59
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Limits of conventional approaches
Historically, scholars have conceptualized behav-
ioral changes predominantly through the lens of
rational choice: that as consumers we carefully
consider our options in order to make conscious
decisions that maximize the utility, or benefit,
to ourselves.60 Elements of this understanding of
human behavior underpin, or are implicit within,
the most familiar tools of policy makers and
campaigners.61 Education, awareness raising, food
labels, and other forms of information provision
broadly aim to overcome information deficit or
asymmetry, on the premise that rationally optimal
decisions can only be made in possession of full
knowledge.62 Likewise, attitudinal campaigns and
incentives in retail environments may aim to alter
consumers’ preferences, which are founded on a
mix of factors, including convenience, culture, per-
sonal identity, quality, freshness, enjoyment, and, to
a lesser extent, health (to date, environmental con-
cern is rarely mentioned).63
Labeling and other forms of information provi-
sion can be effective under the right conditions—
for instance, evidence from public health research
shows that point-of-choice information, for exam-
ple, product labels and prompts, tends to be more
effective than generic awareness-raising activities,
though all forms of information provision are likely
to be most effective among the health-literate and
can thus exacerbate health inequalities.64 Analo-
gously, the literature suggests that sustainability
messaging tends to be more persuasive to those
already onboard with the message, and so can fur-
ther polarize attitudes.65
Moreover, information provision, logically, can
only be effective when information deficit is a lim-
iting factor.66 This is often not the case when it
comes to sustainable consumption: evidence of a
widespread value–action gap reveals that we often
act unsustainably, prioritizing self-interests, such as
cost, convenience, and enjoyment, despite aware-
ness and holding ostensibly sincere proenvironment
attitudes.67–69 This apparent hypocrisy is enabled
by a tendency to rationalize our behavior through
various cognitive tricks, including motivated inat-
tention (not thinking about issues which alert
us to our inconsistencies or evoke guilt), moral
licensing (using previous good acts to justify the
bad), and motivated reasoning (reasoning toward
the desired, not logical, conclusion).70,71 Therefore,
while awareness-raising can be important, particu-
larly to build public support for policy change, it is
rarely the most effective route to individual behav-
ioral change.72–75 Indeed, while there will always be
some consumerswho aremotivated to actmore sus-
tainably and only lack the information, information
provision as a means to encourage more sustainable
food choices is a broadly ineffective strategy.76
Finally, even where awareness is present, and
intentions to eat healthier and more sustainably
are absolutely sincere, practical barriers, such as
poor availability of options or inconvenience, still
arise, as well as psychological barriers, such as pro-
crastination, lack of willpower, ingrained habit, or
forgetfulness.73,77 Biased or automatic processes of
decision making may also create barriers to change,
as they tend to err toward the familiar and the sta-
tus quo78 and toward options that are perceived as
socially normative.79
Alternative strategies beyond information and
awareness
Fortunately, many other strategies are available.
A behaviorally informed approach must recognize
that, contrary to conventional rational choice mod-
els, food choices are a product of both rational and
automatic cognitive processes and are constrained
by the physical, socioeconomic, and cultural struc-
ture of the food choice environment.63,80 That is,
in addition to individual preferences and perceived
costs and benefits, consumption habits are pro-
foundly influenced by the prevalence, layout, cost,
and salience of options, by biased and nonconscious
decision making, and by sociocultural norms and
practices.80 It, therefore, stands to reason that rather
than trying to change people’s conscious lifestyle
choices (through greater awareness or environmen-
tal concern), it may be more effective to edit vari-
ous aspects of their choice environment: the options
they are presented with, the sociocultural associa-
tions or perceived normality of those options, and
the choice architecture (e.g., positioning, ordering,
and context) within which they are offered.63
We identify three major themes of promising
intervention. First, healthy and sustainable food
must be made more appealing. Second, there is a
direct relationship between the level of motivation
required to do something and the ease of doing
it,81 and seemingly trivial hassles can create dispro-
portionate barriers.82 Healthy and sustainable food
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consumption must, therefore, be made easy, that is,
available, convenient, prevalent, and, where possi-
ble, the automatic or default choice. Third, it must
be perceived as normal, that is, familiar and socially
normative, aligned with mainstream social iden-
tities rather than with counterculture niches. We
expand on each strategy below.
Make it appealing. When people in higher-
income countries are asked why they eat what they
eat, taste usually ranks top, followed closely by
price, some way above concerns over health or the
environment (the latter is rarely mentioned).83,84
Indeed, while food marketed as healthy appeals to
a niche market, it typically sells less than iden-
tical food marketed as delicious.85 For example,
renaming “meat-free” dishes to “field grown” and
other names emphasizing decadence or experiential
enjoyment significantly increased ordering rates.86
This work implies that vegetarian food often has
connotations of being light, fresh, or healthy but
also lacking or abstemious. Thus, in order to attract
mainstream consumers, it would also have to pro-
vide options which are perceived as filling, hearty,
and rich.32 This is in part an issue of framing and
marketing,86 and in part one of developing new
products.
Another way to make sustainable options more
appealing is to make them cheaper relative to
unsustainable options. Taxes and other price incen-
tives can be highly effective, though levies or sin
taxes may backfire because the payment provides
a social license for the behavior,87 while payments
or subsidies can crowd out intrinsic motivations
to act virtuously.88 In this context, an example of
an effective strategy may be the successful sugar
tax in the UK,89 which incentivized manufactur-
ers on reformulation, in order to avoid tax thresh-
olds, rather than consumers to change their con-
sumption habits. The same approach could use
CO2 emissions per portion to incentivize innovative
reformulation or development of sustainable food
products.
Make it easy. Food choices are also shaped pro-
foundly by habit and other factors beyond conscious
awareness.80 One consequence of this reliance on
automatic, intuitive, and heuristic decision mak-
ing is a sensitivity to context and environmen-
tal factors.90 The strategies here are to make the
healthy choice easier than the unhealthy choice
(often highly processed convenience foods). For
instance, increasing the number of available healthy
and sustainable options, putting healthier and more
sustainable options first on menus, moving their
positioning in supermarkets (toward more salient
places, such as end-of-aisle and eye-height), and
altering portion size are all effective techniques.91–93
These techniques predominantly target noncon-
scious processes, but where choices are more delib-
erate, ease is still important.81,82 It is, therefore,
important to overcome known barriers and fric-
tions and to provide easy substitute products,
which do not require deviation from the famil-
iar. In Western culture, leading examples are burg-
ers that blend meat and vegetables, or nonmeat
burgers that mimic the appearance and mouth-
feel of meat. While ease is often associated with
unhealthy processed foods, there are opportuni-
ties both to increase the healthiness of processed
options and to increase the ease of non-processed
options.
Make it normal. The social and cultural dimen-
sions of food choices also deserve particular
attention.80 As with any consumer choice, food con-
sumption is partly an act of self-expression of the
norms or social expectations of the perceived in-
group. This may present a barrier to widespread
adoption of plant-based food, which, in the indus-
trialized West, is often associated with a niche,
minority identity,94 provoking a strong sense of
otherness among meat-eaters and associations of
abstemiousness, weakness, or femininity.93 Overtly
vegetarian branding or the segregation of products
in supermarkets and menus tends to exacerbate
this perception of otherness. For instance, research
shows that having vegetarian items in a separate box
on menus can reduce ordering rates by 56%,95 and
that having “veggie only” refrigerators reduced sales
compared to integrating products.96
The normalization of healthy and sustainable
foods is also critical for another reason: wider evi-
dence on environmental behavior shows that our
willingness to act sustainably depends heavily on
our perception that others do their share.97–99 High-
lighting the increasing normality of eating less
meat has been shown to be effective.100 In many
public goods contexts, communicating the positive
social norm helps promote the prosocial behav-
ior; for example, telling people that most other
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Table 1. Examples of strategies that can foster consumers’ choice transformations
Make it appealing
 Develop products, and market healthy and sustainable options, as appealing and delicious, rather than on messages of health,
sustainability, or abstemiousness.
 Overcome negative connotations of weakness, or lack of satiety, that are often attributed to healthy food options, and avoid
terms like dairy-free or meat-free that simply highlight what is lacking from the meal. Exceptions apply if targeting niche
markets.
 A carbon tax on certain food products (e.g., ready-made meals) can drive reformulation if set at appropriate thresholds of CO2
emissions per portion, such that the producer’s incentive is to avoid the tax to maintain market share.
 A conventional sin tax (financially penalizing consumers who choose to eat certain products) may also be effective, though less
politically feasible.
Make it easy
 Make healthy and sustainable options the default choice at catered events, on trains and airplanes, or in school and hospital
canteens.
 Increase the number of healthy and sustainable options in menus, canteens, and supermarkets.
 Make these options more salient by putting them at the end of aisles and allocating them more shelf space.
 Put healthy and sustainable options first in canteens and on menus.
 Help consumers familiarize themselves with new healthy and sustainable foods, and overcome lack of recipe repertoire, by
providing recipe cards in supermarkets.
 Provide simple substitutions to high-impact and high-volume food items, such as minced beef. This maintains familiarity and
overcomes the hassle of learning new recipes or significantly altering the weekly grocery trip.
 Give timely prompts and reminders, for instance, by promoting product substitutions at the point of check-out during online
grocery shopping.
Make it normal
 Avoid segregating healthy and sustainable products. For instance, display burgers with different ingredient mixes in the same
supermarket cabinet, regardless of refrigeration needs.
 Challenge niche-identity associations through marketing and branding.
 Highlight the social norm, such as the new normal of vegan and vegetarian diets across Europe.103
people recycle,101 or pay their taxes on time,82 or use
less energy,102 have all proven effective at promoting
those behaviors.
Understanding the various conscious and uncon-
scious processes described above and both the
psychosocial and situational factors at play gives
a broader set of tools to draw upon. Ultimately,
the biggest impact will likely come from combining
these approaches, both motivating the consumer by
raising awareness and making healthy foods more
appealing, but also creating an enabling environ-
ment in which it is easy and normal to eat healthier
and more sustainable food (Table 1). These efforts
should reinforce each other, as increased aware-
ness and consumer demand drive policy, industry,
and cultural change, which further normalize and
remove frictions to healthier and more sustainable
eating.
Strategies to integrate dietary change into
food system transformation
People are at the center of our food systems
and thus influencing consumer behavior and the
food environments in which those behaviors take
place is a central route to dietary change (see
above).5,104 But consumer behavior is not an inde-
pendent, exogenous, demand-side driver of food
systems; instead, we need to consider how con-
sumer behaviors and other food system func-
tions interact and influence one another. Con-
sumer choices drive agriculture and the food indus-
try, but these choices (or lack of choices) are
also shaped by food supply chain innovations
and shocks and constraints,105 from droughts, to
infrastructure failures, to trade bans.106 Larger-scale
drivers range from the political-economic, such as
industry concentration and lobbying power, to the
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biophysical, such as land and soil degradation,5,35
or even major environmental tipping points, such
as, for example, the melting of the Himalayan
glaciers.107 Deliberate actions in the public or pri-
vate sector to change these aspects of food systems
are seldom, if ever, designed to change diets—but
perhaps could become part of the future portfolio
of levers for dietary change. This section considers
the key arenas for action, highlighting some of the
less discussed areas among the growing literature on
strategies to achieve dietary change.5,6,11,46,104,108–112
The key role of the supply chain
A meaningful shift toward healthy and sustainable
diets compatible with the SDGs would require sup-
ply to change in tandem with demand, increasing
access to (including affordability of) better foods
to prompt consumer demand at the same time as
responding to that demand.3,6 In terms of basic sup-
ply from agriculture, the current situation is far
from what would support healthy food and sus-
tainability. While farming already produces some
foods in excess of global needs for human nutri-
tion at the macro level (cereals and meat),113 supply
of fruits and vegetables is only 42% of need across
low-income countries and 72% of need across all
countries.114 A global shift toward healthy and
sustainable diets would involve a transformation
of crop patterns; a recent analysis of land use to
deliver a healthy diet to everyone estimated that
land used to produce cereals, oil crops, and sugar
crops would need to be reduced by 150, 105, and
30million hectares, respectively, and the production
of vegetables and fruits to increase by 170 million
hectares. Moreover, combining sustainable intensi-
ficationwith good governance to prevent the expan-
sion of agricultural lands would offer a route to pro-
vision of universal healthy diets within the planet’s
environmental capacity.6,112
The highly processed foods that make up
substantial proportions of current diets are pre-
dominantly unhealthy.115,116 But, if used well,
processing can increase longevity, palatability, and
nutrient availability while providing consumers
with the convenient, consistent, and affordable
foods that they often prefer.117 The “third stage”
of the nutrition transition, following the first stage
of traditional foods and second stage of industri-
ally produced unhealthy ultra-processed foods, is
likely to be industrialized but healthier processed
foods. These products—such as plant-based pack-
aged soups and bars that are high in fiber and
micronutrients—currently have only a small niche
market, but this is expected to grow rapidly.46,118
Technological innovation in food is a probable
game-changer for healthy and sustainable diets.105
The world has moved quickly from conjecture to
highly visible and successful start-up companies
creating lab-based meats, edible insect products,
and algal feed sources. The cases of Danone’s expan-
sion into plant milks and Tyson’s investment in alt-
meats signal amove from the periphery to themain-
stream for alternatives to animal-source foods.119,120
Production costs, and hence consumer prices, of
alternatives to ruminant meat are currently pro-
hibitive for the mass market, but are falling very
rapidly and have potential to become less expen-
sive than real meat, so that consumers could be
soon leveraged on cost to eat healthier and more
sustainably.121
More generally, affordability of food is central
to broad-based dietary change.122 Price changes,
mediated by taxes or subsidies, are shown to be
effective at raising consumption of healthy foods
like fruits and vegetables and at reducing con-
sumption of unhealthy foods like sugar-sweetened
beverages.123,124 Yet, retail and catering food envi-
ronments still offer fewer choices to less wealthy
consumers, and poor health outcomes associ-
ated with food prices are more pronounced in
low-income than in high-income countries.125–127
Ideally, food prices should include the environ-
mental and health costs of food production and
consumption6; current low food prices distribute
those costs to producers, to the general public, and
to future generations.128 Obviously, there is a deli-
cate balance to be found between economic benefits
to consumers and producers, as all food producers
are consumers too, and many of the poorest farm-
ers are net buyers of food.129 If we are to achieve
healthy and sustainable diets, securing better wages
and subsidizing poorer consumers through vari-
ous forms of social protection may be a better
alternative than subsidizing production of staple
crops.
Wider changes, including women’s
empowerment
Socioeconomic and policy drivers beyond the food
system may outweigh changes within the agrifood
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sector in driving dietary change.35 Greater partici-
pation of women in informal and formal employ-
ment sectors outside the home has created larger
incomes for women as well as rising demand for
convenience foods, which have led to mixed nutri-
tional outcomes in different countries.130–132 Invest-
ing in women’s health and education and in family
planning may provide more long-term opportunity
for achieving global adoption of healthy and sus-
tainable diets in line with the SDGs than reforms
directed at agriculture, food processing, and food
retail or service subsectors.133 For example, a sta-
tistical analysis of historical national successes in
reducing malnutrition and improving diets indi-
cated that the most significant factor has been so
far women’s education, even more important than
household income.134
Similarly, improving access to voluntary family
planning, increasing educational and employment
opportunities for women and adolescent girls, and
empowering women with more decision-making
power over their own lives have also proven suc-
cessful in improving nutritional outcomes formoth-
ers and children.135 Likewise, a critical cobenefit
of improving women’s access to family planning
and health and education services from the per-
spective of climate change and planetary health is
the deceleration in population growth.136 Roll-out
of voluntary family planning programs that enable
women to avoid unwanted births has shown rapid
and large reductions in fertility rates.137 Countries
that achieve reductions in their fertility rates are also
observed to reap a demographic dividend in terms
of an increase inGDP and household budgets, as the
ratio of earners to dependents is higher and public
infrastructure and services aremore able tomeet the
needs of a smaller population.137
Improving policy coherence
Siloed public policies coupled with weak incen-
tives among potential lobby groups have hampered
progress toward the global diets compatible with
the SDGs. For instance, food considerations are
almost entirely absent from climate policy and cli-
mate action at the national level; only two Nation-
ally Determined Contributions (NDCs) to the Paris
Agreement mention diets, and only 16 mention
nutrition (out of 195 surveyed; CCAFS/CGIAR
unpublished data). Too often, mainstream industry,
while willing in principle to sell healthy and sus-
tainable foods, follows a pathway of securing mar-
ket share via sales of lowest-common-denominator,
highly processed foods made from refined cereals,
sugar, plant oils, dairy, meat, and salt.43,84,138 Mean-
while, nongovernmental organizations have tended
to polarize between those concerned with develop-
ment and food security, seeking to increase agri-
cultural income and food availability,139 and those
who emphasize environmental conservation and
see food production primarily as a source of envi-
ronmental degradation.140
Yet, recently more integrated visions have
emerged among governments, businesses, and civil
society. Intersectoral discussions around the SDGs
show potential to unite competing agendas.141 This
can widen the space for much-needed debates and
better-informed decisions on managing trade-offs
within food systems.10 Governments that have tra-
ditionally focused on a simple national food secu-
rity goal of maximizing the national breadbasket,
measured in tons or calories, are showing greater
concern toward issues of overweight and obesity,
spurred in part by the global rise of noncommuni-
cable diseases.46,104,124 Some are also entering into
conversations around the environmental impacts
of diets.108,142 Retooling of agricultural subsidies to
create environmental and nutritional incentives is a
growing topic of policy attention in economies with
global impacts, including China and the European
Union.143,144 Altogether, a window of opportunity
is now open to reassess whether action on diets is
feasible from local to global levels.
The rising influence of social movements
In principle, bottom-up and top-down approaches
to dietary and food system transformations should
be complementary. Citizen-led social media and
social movements can influence social norms and
sow the seeds of widespread behavioral change,
enabling the effectiveness of more top-down poli-
cies, while policies that enable or encourage new
behaviors assist changes in consumer habits and
can support social movements. The role of social
movements and social media in driving transfor-
mation may be limited by their typically ephemeral
nature—spikes in interest that often dissipate as
quickly as they had emerged—and a tendency not to
penetrate beyond a niche of young, urban, middle-
class membership or audience.145 Yet, as the recent
experience with plastic waste suggests, a short-term
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spike among a sufficiently large group that listens
and caresmay be enough of a hook formore durable
responses by governments and businesses.
While the power of celebrities and individual
champions to vitalize action receives much atten-
tion (e.g., promotion of vegetarianism by Indian
film-star Amitabh Bachchan and cricket captain
Virat Kohli), more broad-based social movements
and organizations have possibly more decisive
impact. Civil society’s roles in system transforma-
tion include representing and raising the voice of
marginalized communities, holding businesses and
governments accountable, demonstrating new ways
of producing and consuming, developing resilient
local economies, providing services to underserved
and isolated communities, defending people’s rights
or the protection of nature, advocating for differ-
ent priorities or politics, and promulgating new
social norms.146–148 In Brazil, for example, social
movements have driven the creation of innovative
national dietary guidelines that go beyond nutri-
tional metrics to recommend behaviors around
home cooking, communal eating, and discern-
ing attitudes to food advertising, in turn catalyz-
ing stronger regulations on the food industry and
healthier school meals.149–152
Yet, the separation between civil society and busi-
ness is blurring, noticeably in the food sector. It
has long been difficult to categorize many farm-
ers’ organizations as either civil society or business
groups,153 and new online platforms for social orga-
nization are softening this distinction further. For
example, empirical experience in Indonesia shows
how food activists use their online platforms for
bothmarketing and community organization, while
prosumermovements in high-income countries are
getting consumers more closely involved in design
and production of food and farming systems.154
Several scholars recognize the city-region as
a key level of governance to unlock food sys-
tem transformation,108,111,155 and new collabora-
tions between civil society and municipal govern-
ment are effectively observed. For instance, C40
Cities, a global network of mayors of 96 cities that
account for a quarter of global GDP, works with
civil society organizations in four areas: food pro-
duction (urban agriculture to supply fresh vegeta-
bles but also to mitigate urban heat island effects),
food procurement (to improve the supply of meals
in cafeterias, hospitals, schools, and prisons), food
distribution (largely through municipal markets),
and food waste (working with community groups
to redistribute food or to use it for animal feed
or composting).156 In China, a pilot Healthy Cities
initiative, enabled by increasing willingness of cit-
izens to speak out on health and environmen-
tal issues, is tackling dietary change as part of a
holistic health approach that links sanitation, med-
ical services, healthy eating, and environmental
pollution,157 with several cities acting also on food
waste and farm footprint.158
Radical versus moderate versions of
transformation
Achieving healthy and sustainable diets requires,
and is essential to, transformations of food systems,
but different scholars have contrasting views of
the changes in governance and power relations
that such transformations might entail.10,159 Some
authors emphasize the ability of the private sector
to innovate and adapt, and focus their recom-
mendations on mechanisms such as financial or
fiscal incentives to reorient the marketing strate-
gies, business models, product formulation, and
research and development of industry toward
those transformations.32,43,46,84 For others, trans-
formation is not possible without addressing deep
structural inequities.33,160–163 As Holt-Giménez
expresses, the food system is “structurally designed
for profit rather than need, speculation rather than
equity, and extraction rather than resilience.”163 For
these scholars, food system transformation requires
nothing short of dismantling capitalism. Other
authors take a middle ground, in which disruption
and significant changes are said to be possible
without necessarily overthrowing the global eco-
nomic regime, but not without addressing issues of
political economy at multiple levels.6,11,108,155,164
Visions of a post-transformed sustainable food
system also differ tremendously. People hold val-
ues that determine the—sometimes very different—
weight that they give to different issues, such as
animal welfare, wilderness, workers’ rights, or
reducing hunger.165 Yet, conversations across polar-
ized positions are possible based on neutral analyses
of how each side frames the issues and on efforts to
find blended approaches or new configurations of
the problem to create constructive dialogue.159,166
Sustained engagement with multiple definitions of
and approaches to sustainability and transformation
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may be key to practical progress,10 especially to
ensure that the agendas of the most vulnerable pro-
ducers and consumers are not marginalized.167
A start is being made: an emerging set of civil
society initiatives, collective declarations, and pub-
lic or private policy frameworks are opening the
space for new conversations on diets and food
systems. Examples include social movements
on food across the Americas, Europe, Asia,
and Africa,146,168,169 France’s Circular Economy
Roadmap (2018), the Nordic Council of Ministers’
solutions menu for food policy,170 the Food and
Land Use Coalition,171 and the World Economic
Forum’s Shaping the Future of Food Initiative.171,172
At the international level, the 10-Year Framework
of Programs on Sustainable Consumption and
Production (2012–2022) is a global commitment to
deliver on SDG12 by accelerating the shift toward
sustainable consumption and production in coun-
tries across the income spectrum and is being
implemented via the One Planet Network.
Conclusion
Dietary change in the interests of human and
planetary health cannot be considered too diffi-
cult to achieve when it has not yet been seriously
attempted. While there are substantial countervail-
ing forces—including highly successful business
models that benefit from poor dietary choices, and
governments not yet ready to consider diets a social
issue rather than an individual one—there is also
evidence that large-scale transformation of diets
may indeed be possible. In this perspective article,
we have highlighted three strands of evidence that
offer hope: the dynamic history of dietary change,
growing insights from behavioral research, and
the emergence of political spaces in which govern-
ments, social movements, and businesses across
health and environmental sectors are able to open
new conversations on what societies might demand
of today’s food systems.
Acknowledgments
S.J.V., T.P., C.K.K., and C.B. reviewed the literature
and prepared the manuscript. S.J.V. is responsible
for the integrity of the data analyzed. This work was
partially supported by the CGIAR Research Pro-
gram on Climate Change, Agriculture and Food
Security (CCAFS), which is carried out with sup-
port from the CGIARTrust Fund and through bilat-
eral funding agreements.
Competing interests
The authors declare no competing interests.
References
1. Caron, P., G. y de Loma-Osorio Ferrero, D. Nabarro, et al.
2018. Food systems for sustainable development: proposals
for a profound four-part transformation. Agron. Sust. Dev.
38: 41.
2. Murray, S. 2018. Fixing food 2018: best practices towards
the Sustainable Development Goals. The Economist Intel-
ligenceUnit, and Parma: Barilla Centre for Food andNutri-
tion, London.
3. Bahadur, K.C., G.M. Dias, A. Veeramani, et al. 2018.When
too much isn’t enough: does current food production meet
global nutritional needs? PLoS One 13: e0205683.
4. Springmann, M., M. Clark, D. Mason-D’Croz, et al. 2018.
Options for keeping the food system within environmental
limits. Nature 562: 519–525.
5. HLPE. 2017. Nutrition and food systems. A report by the
High Level Panel of Experts on Food Security and Nutri-
tion of the Committee on World Food Security. Rome.
6. Willett, W., J. Rockström, B. Loken, et al. 2019. Our food
in the Anthropocene: the EAT-Lancet Commission on
healthy diets from sustainable food systems. Lancet 393:
447–492.
7. White, E.J. 2018. The problem of obesity and dietary
nudges. Polit. Life Sci. 37: 120–125.
8. Lemstra, M., Y. Bird, C. Nwankwo, et al. 2016. Weight loss
intervention adherence and factors promoting adherence:
a meta-analysis. Patient Prefer. Adherence 10: 1547–1559.
9. Swinburn, B.A., V.I. Kraak, S. Allender, et al. 2019. The
global syndemic of obesity, undernutrition, and climate
change. Lancet Commission 393: 791–846.
10. Béné, C., P. Oosterveer, L. Lamotte, et al. 2019. When food
systems meet sustainability – current narratives and impli-
cations for actions.World Dev. 113: 116–130.
11. Mason, P. & T. Lang. 2017. Sustainable Diets: How Ecolog-
ical Nutrition Can Transform Consumption and the Food
System. Oxford: Earthscan.
12. Popkin, B.M. 1993. Nutritional patterns and transitions.
Popul. Dev. Rev. 19: 138–157.
13. Caballero, B. & B.M. Popkin. 2002. The Nutrition Transi-
tion: Diet and Disease in the Developing World. London:
Academic Press.
14. Popkin, B.M. & S.J. Nielsen. 2003. The sweetening of the
world’s diet. Obes. Res. 11: 1325–1332.
15. Monteiro, C.A., R.B. Levy, R.M. Claro, et al. 2010. Increas-
ing consumption of ultra-processed foods and likely
impact on human health: evidence from Brazil. Public
Health Nutr. 14: 5–13.
16. Popkin, B.M. 2017. Relationship between shifts in food sys-
tem dynamics and acceleration of the global nutrition tran-
sition. Nutr. Rev. 75: 73–82.
17. Khoury, C.K., A.D. Bjorkman, H. Dempewolf, et al. 2014.
Increasing homogeneity in global food supplies and the
10 Ann. N.Y. Acad. Sci. xxxx (2020) 1–15 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences
Vermeulen et al. Changing diets and global food system
implications for food security. Proc. Natl. Acad. Sci. USA
111: 4001–4006.
18. Food and Agriculture Organization of the United Nations.
2019. FAOSTAT data. Accessed January 16, 2020. http://
www.fao.org/faostat/en/#home.
19. Tennant, D. & J.P. Gosling. 2015. Modelling consumer
intakes of vegetable oils and fats. Food Addit. Contamin.
A Chem. Analy. Control Expos. Risk Assess. 32: 1397–
1405.
20. Imamura, F., R. Micha, S. Khatibzadeh, et al. 2015. Dietary
quality among men and women in 187 countries in 1990
and 2010: a systematic assessment. Lancet Glob. Health 3:
e132–e142.
21. Masters, W.A., A. Hall, E.M. Martinez, et al. 2016. The
nutrition transition and agricultural transformation: a Pre-
ston curve approach. Agric. Econ. 47: 97–114.
22. GBD 2017 Diet Collaborators. 2019. Health effects of
dietary risks in 195 countries, 1990–2017: a systematic
analysis for the Global Burden of Disease Study. Lancet
393: 1958–1972.
23. Miller, V., S. Yusuf, C.K. Chow, et al. 2016. Availabil-
ity, affordability, and consumption of fruits and vegeta-
bles in 18 countries across income levels: findings from
the Prospective Urban Rural Epidemiology (PURE) study.
Lancet Glob. Health 4: 695–703.
24. Dizon, F., A. Herforth & Z.Wang. 2019. The cost of a nutri-
tious diet in Afghanistan, Bangladesh, Pakistan, and Sri
Lanka. Glob. Food Secur. 21: 38–51.
25. Lee, M., B.M. Popkin & S. Kim. 2002. The unique aspects
of the nutrition transition in South Korea: the retention of
healthful elements in their traditional diet. Public Health
Nutr. 5: 197–203.
26. Ikeda, N., E. Saito, N. Kondo, et al. 2011. What has
made the population of Japan healthy? Lancet 378: 1094–
1105.
27. Speedy, A.W. 2003. Global production and consumption of
animal source foods. J. Nutr. 133: 4048S–4053S.
28. Waitrose. 2018. The rise of vegan & veggie. Accessed Jan-
uary 16, 2020 http://waitrose.pressarea.com/pressrelease/
details/78/PRODUCT%20NEWS_12/10203.
29. Hancox, D. 2018. The unstoppable rise of veganism: how
a fringe movement went mainstream. The Guardian.
Accessed January 16, 2020 https://www.theguardian.com/
lifeandstyle/2018/apr/01/vegans-are-coming-millennials-
health-climate-change-animal-welfare.
30. World Business Council for Sustainable Development.
2018. Consumption behavior and trends: understanding
the shift required towards healthy, sustainable and enjoy-
able diets. FReSH insights report. Geneva: World Business
Council for Sustainable Development.
31. OECD. 2018. Meat consumption (indicator). Accessed
January 3, 2020. https://data.oecd.org/agroutput/meat-
consumption.htm.
32. Ranganathan, J., D. Vennard, R. Waite, et al. 2016. Shift-
ing Diets for a Sustainable Food Future. Washington, DC:
World Resources Institute.
33. Weis, T. 2007. The Global Food Economy: the Battle for the
Future of Farming. Black Point: Fernwood Publishing.
34. Naylor, R.L. 2014. The many faces of food security. In The
Evolving Sphere of Food Security. R.L. Naylor, Ed.: 3–27.
Oxford: Oxford University Press.
35. Béné, C., S.D. Prager, H.A.E. Achicanoy, et al. 2019. Under-
standing food systems drivers: a critical review of the liter-
ature. Glob. Food Secur. 23: 149–159.
36. Pingali, P.L. 2012. Green Revolution: impacts, limits, and
the path ahead. Proc. Natl. Acad. Sci USA 109: 12302–
12308.
37. Byerlee, D., W.P. Falcon & R.L. Naylor. 2017. The Tropi-
cal Oil Crop Revolution: Food, Feed, Fuel, and Forests. New
York: Oxford University Press.
38. Hawkes, C., S. Friel, T. Lobstein & T. Lang. 2012. Linking
agricultural policies with obesity and noncommunicable
diseases: a new perspective for a globalising world. Food
Policy 37: 343–353.
39. Hazell, P. & S.Wood. 2008. Drivers of change in global agri-
culture. Philos. Trans. R. Soc. Biol. Sci. 363: 495–515.
40. Eggersdorfer, M., K. Kraemer, J.B. Cordaro, et al. 2016.
Good Nutrition: Perspectives for the 21st Century. Basel:
Karger.
41. Clark, S.E., C. Hawkes, S.M.Murphy, et al. 2012. Exporting
obesity: US farm and trade policy and the transformation
of the Mexican food environment. Int. J. Occup. Environ.
Health 18: 53–65.
42. Otero, G. 2018. The Neo-Liberal Diet: Healthy Profits,
Unhealthy People. Austin, TX: University of Texas Press.
43. Moss, M. 2013. Salt, Sugar, Fat: How the Food Giants
Hooked Us. New York: Penguin Random House.
44. Reardon, T., D. Boughton, D. Tschirley, et al. 2015. Urban-
ization, diet change, and transformation of the downstream
and midstream of the agrifood system: effects on the poor
in Africa and Asia. Faith Econ. 66: 43–63.
45. Popkin, B.M. 2016. Relationship between shifts in food sys-
tem dynamics and acceleration of the global nutrition tran-
sition. Nutr. Rev. 75: 73–78.
46. Popkin, B.M.&T. Reardon. 2018. Obesity and the food sys-
tem transformation in Latin America.Obes. Rev. 19: 1028–
1064.
47. Barrett, C.B., R. Reardon, J. Swinnen & D. Zilberman.
2019. Structural transformation and economic develop-
ment: insights from the agri-food value chain revolution.
Mimeo, Cornell University.
48. Zhou, Y., S. Du, C. Su, et al. 2015. The food retail revolu-
tion in China and its association with diet and health. Food
Policy 55: 92–100.
49. FAO, IFAD&WFP. 2015. The state of food insecurity in the
world 2015. Meeting the 2015 international hunger targets:
taking stock of uneven progress. Rome. Accessed January
16, 2020 http://www.fao.org/3/a-i4646e.pdf.
50. FAO, IFAD, UNICEF, WFP & WHO. 2018. The state of
food security and nutrition in the world 2018: building cli-
mate resilience for food security and nutrition. Rome: FAO.
51. IFPRI. 2016. Global Nutrition Report 2016: from promise
to impact: ending malnutrition by 2030. Washington,
DC. Accessed January 16, 2020 http://www.ifpri.org/
publication/global-nutrition-report-2016-promise-
impact-ending-malnutrition-2030.
11Ann. N.Y. Acad. Sci. xxxx (2020) 1–15 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences
Changing diets and global food system Vermeulen et al.
52. Kelly, T., W. Yang, C.-S. Chen, et al. 2008. Global burden
of obesity in 2005 and projections to 2030. Int. J. Obes. 32:
1431–1437.
53. Whiting, D.R., L. Guariguata, C. Weil & J. Shaw. 2011. IDF
Diabetes Atlas: global estimates of the prevalence of dia-
betes for 2011 and 2030. Diabetes Res. Clin. Pract. 94: 311–
321.
54. Gómez,M.I. &K.D. Ricketts. 2013. Food value chain trans-
formations in developing countries: selected hypotheses on
nutritional implications. Food Policy 42: 139–150.
55. Moubarac, J.-C., M. Batala, M.L. Louzad, et al. 2017. Con-
sumption of ultra-processed foods predicts diet quality in
Canada. Appetite 108: 512–520.
56. Haddad, L., C. Hawkes, J. Waage, et al. 2016. Food Systems
and Diets: Facing the Challenges of the 21st Century. Lon-
don: Global Panel on Agriculture and Food Systems for
Nutrition.
57. Bauer, J.M. & L.A. Reisch. 2019. Behavioural insights and
(un)healthy dietary choices: a review of current evidence.
J. Consum. Policy 42: 3–45.
58. WCRF. 2019. Nourishing database. World Cancer
Research Foundation. Accessed January 16, 2020 https://
www.wcrf.org/int/policy/nourishing-database.
59. Ridoutt, B., J.R. Bogard, K. Dizyee, et al. 2019. Value chains
and diet quality: a review of impact pathways and interven-
tion strategies. Agriculture 9: 185.
60. Scott, J. 2000. Rational choice theory. In Understanding
Contemporary Society: Theories of the Present. G. Browning,
A. Halcli & F.Webster, Eds.: 126–138. ThousandOaks, CA:
Sage.
61. Hedström, P. & C. Stern. 2008. Rational Choice and Sociol-
ogy. The New Palgrave Dictionary of Economics: 2nd Edi-
tion. London: Palgrave Macmillan.
62. Strain, J.J. 1997. Pan-EU survey of consumer attitudes
to food, nutrition and health. Eur. J. Clin. Nutr. 51:
S1–S60.
63. Herforth, A. & S. Ahmed. 2015. The food environment,
its effects on dietary consumption and potential for mea-
surement within agriculture–nutrition interventions. Food
Secur. 7: 505–520.
64. Lorenc, T.,M. Petticrew, V.Welch& P. Tugwell. 2012.What
types of interventions generate inequalities? Evidence from
systematic reviews. J. Epidemiol. Commun. Health 67: 190–
193.
65. Sunstein, C.R. 2015. The Ethics of Influence: Government in
the Age of Behavioral Science. Cambridge: Cambridge Uni-
versity Press.
66. Simis, M.J., H. Madden, M.A. Cacciatore & S.K. Yeo. 2016.
The lure of rationality: why does the deficitmodel persist in
science communication? Public Understand. Sci. 25: 400–
414.
67. Blake, J. 1999. Overcoming the ‘value–action gap’ in envi-
ronmental policy: tensions between national policy and
local experience. Local Environ. 4: 257–278.
68. Diekmann, A. & P. Preisendörfer. 1992. Persönliches
Umweltverhalten: die Diskrepanz zwischen Anspruch and
Wirklichkeit. Kölner Z. Soz. Sozialpsychol. 44: 226–251.
69. Steentjes, K., N.F. Pidgeon, W. Poortinga, et al. 2017. Euro-
pean Perceptions of Climate Change (EPCC): topline find-
ings of a survey conducted in four European countries in
2016. Cardiff University, Cardiff.
70. Paharia, N., K.D. Vohs & R. Deshpandé. 2013. Sweatshop
labor is wrong unless the shoes are cute: cognition can both
help and hurt moral motivated reasoning. Organ. Behav.
Hum. Decis. Process. 121: 81–88.
71. Khan, U. & R. Dhar. 2006. Licensing effect in consumer
choice. J. Market. Res. 43: 259–266.
72. Marteau, T. 2017. Towards environmentally sustainable
human behaviour: targeting non-conscious and conscious
processes for effective and acceptable policies. Philos.
Trans. R. Soc. A Math. Phys. Eng. Sci. 375: 20160371.
73. Kollmuss, A. & J. Agyeman. 2002. Mind the gap: why do
people act environmentally and what are the barriers to
pro-environmental behavior? Environ. Educ. Res. 8: 239–
260.
74. Moser, S. & S. Kleinhückelkotten. 2017. Good intents,
but low impacts: diverging importance of motiva-
tional and socioeconomic determinants explaining
pro-environmental behavior, energy use, and carbon
footprint. Environ. Behav. 50: 626–656.
75. Cadario, R. & P. Chandon. 2020. Which healthy eating
nudges work best? A meta-analysis of field experiments.
Market. Sci. 39: 459–665.
76. Bianchi, F., C. Dorsel, E. Garnett, et al. 2018. Interventions
targeting conscious determinants of human behaviour to
reduce the demand formeat: a systematic reviewwith qual-
itative comparative analysis. Int. J. Behav. Nutr. Phys. Act.
15: 102.
77. Vermeir, I. &W.Verbeke. 2006. Sustainable food consump-
tion: exploring the consumer “attitude–behavioral inten-
tion” gap. J. Agric. Environ. Ethics 19: 169–194.
78. Kahneman, D., J.L. Knetsch & R.H. Thaler. 1991. Anoma-
lies: the endowment effect, loss aversion, and status quo
bias. J. Econ. Perspect. 5: 193–206.
79. Cialdini, R.B. & M.R. Trost. 1998. Social influence: social
norms, conformity and compliance. In The Handbook of
Social Psychology. D.T. Gilbert, S.T. Fiske & G. Lindzey,
Eds.: 151–192. New York: McGraw-Hill.
80. Köster, E.P. 2009. Diversity in the determinants of food
choice: a psychological perspective. Food Qual. Prefer. 20:
70–82.
81. Fogg, B.J. 2009. A behavior model for persuasive design. In
Proceedings of the 4th International Conference on Persua-
sive Technology. 40.
82. Behavioural Insights Team. 2014. EAST: four simple ways




83. Glanz, K.,M. Basil, E.Maibach, et al. 1998.WhyAmericans
eat what they do: taste, nutrition, cost, convenience, and
weight control concerns as influences on food consump-
tion. J. Am. Diet. Assoc. 98: 1118–1126.
84. Chandon, P. & B. Wansink. 2012. Does food marketing
need to make us fat? A review and solutions. Nutr. Rev. 70:
571–593.
85. Turnwald, B.P., D.Z. Boles & A.J. Crum. 2017. Association
between indulgent descriptions and vegetable consump-
12 Ann. N.Y. Acad. Sci. xxxx (2020) 1–15 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences
Vermeulen et al. Changing diets and global food system
tion: twisted carrots and dynamite beets. JAMA Intern.
Med. 177: 1216–1218.
86. Vennard, D., T. Park & S. Attwood. 2019. Encouraging sus-
tainable food consumption by using more appetizing lan-
guage. Technical Note. World Resources Institute, Wash-
ington, DC.
87. Gneezy, U. & A. Rustichini. 2000. A fine is a price. J. Legal
Stud. 29: 1–17.
88. Frey, B.S. & F. Oberholzer-Gee. 1997. The cost of price
incentives: an empirical analysis of motivation crowding-
out. Am. Econ. Rev. 87: 746–755.
89. Harper, H. 2018. Sugaring the Bill: why lower rev-
enue from sugar tax is probably a good thing. The




90. Kahneman, D. & P. Egan. 2011. Thinking, Fast and Slow.
New York: Farrar, Straus and Giroux.
91. Bianchi, F., E. Garnett, C. Dorsel, et al. 2018. Restructur-
ing physical micro-environments to reduce the demand for
meat: a systematic review and qualitative comparative anal-
ysis. Lancet Planet. Health 2: 384–397.
92. Dayan, E. & M. Bar-Hillel. 2011. Nudge to nobesity II:
menu positions influence food orders. Judgm. Decis. Mak.
6: 333–342.
93. Rozin, P., S.E. Scott, M. Dingley, et al. 2011. Nudge to nobe-
sity I: minor changes in accessibility decrease food intake.
Judgm. Decis. Mak. 6: 323–332.
94. Greenebaum, J. 2012. Veganism, identity and the quest for
authenticity. Food Cult. Soc. 15: 129–144.
95. Holzer, J. 2017. Don’t put vegetables in the corner:
Q&A with behavioral science researcher Linda Bacon.
World Resource Institute. Accessed January 16, 2020
https://www.wri.org/blog/2017/06/dont-put-vegetables-
corner-qa-behavioral-science-researcher-linda-bacon.
96. Schlee, C. 2017. Pret’s next experiment: a veggie fridge in
every shop, Pret. Accessed January 16, 2020 https://www.
pret.co.uk/en-gb/prets-next-experiment.
97. Nowak, M.A., K.M. Page & K. Sigmund. 2000. Fairness
versus reason in the ultimatum game. Science 289: 1773–
1775.
98. Ostrom, E. 2000. Collective action and the evolution of
social norms. J. Econ. Perspect. 14: 137–158.
99. Keser, C. & F. VanWinden. 2000. Conditional cooperation
and voluntary contributions to public goods. Scand. J. Econ.
102: 23–39.
100. Sparkman, G. & G.M. Walton. 2017. Dynamic norms pro-
mote sustainable behavior, even if it is counternormative.
Psychol. Sci. 28: 1663–1674.
101. Goldstein, N.J., R.B. Cialdini & V. Griskevicius. 2008. A
room with a viewpoint: using social norms to motivate
environmental conservation in hotels. J. Cons. Res. 35: 472–
482.
102. Allcott, H. 2011. Social norms and energy conservation. J.
Public Econ. 95: 1082–1095.
103. Mintel. 2018. More than half of all meat-free new product
launches in the UK carried a vegan claim in 2017. Accessed
January 16, 2020 http://www.mintel.com/press-centre/
food-and-drink/more-than-half-of-all-meat-free-new-
product-launches-in-the-uk-carry-a-vegan-claim-1.
104. Hawkes, C., T.G. Smith, J. Jewell, et al. 2015. Smart food
policies for obesity prevention. Lancet 395: 2410–2421.
105. Gerefi, G., J. Lee & M. Christian. 2009. US-based food
and agricultural value chains and their relevance to healthy
diets. J. Hunger Environ. Nutr. 4: 357–374.
106. Bren d’Amour, C., L. Wenz, M. KalKuhl, et al. 2016.
Teleconnected food supply shocks. Environ. Res. Lett. 11:
035007.
107. Benton, T.G., D. Fairweather, A. Graves, et al. 2017. Envi-
ronmental tipping points and food system dynamics: main
report. The Global Food Security Programme, UK.
108. Vermeulen, S.J., L. Wellesley, S. Airey, et al. 2019. Healthy
Diets from Sustainable Production: Indonesia. London:
Chatham House.
109. Afshin, A., R. Micha, S. Khatibzadeh, et al. 2014. Dietary
policies to reduce non-communicable diseases. In The
Handbook of Global Health Policy. G.W. Brown, G. Yamey
& S. Wamala, Eds.: 101–115. Hoboken: Wiley.
110. Keats, S. & S. Wiggins. 2014. Future Diets: Implications for
Agriculture and Food Prices. London: Overseas Develop-
ment Institute.
111. Garnett, T., S. Mathewson, P. Angelides & F. Borthwick.
2015. Policies and Actions to Shift Eating Patterns: What
Works? Oxford: Chatham House. London: Food Climate
Research Network.
112. World Resource Institute. 2019. Creating a sustainable food
future: a menu of solutions to feed nearly 10 billion people
by 2050. Washington, DC: World Resources Institute.
113. Berners-Lee, M., C. Kennelly, R. Watson & C.N. Hewitt.
2018. Current global food production is sufficient to meet
human nutritional needs in 2050 provided there is radical
societal adaptation. Elem. Sci. Anthropocene 6: 52.
114. Siegel, K.R., M.K. Ali, A. Srinivasiah, et al. 2014. Do we
produce enough fruits and vegetables tomeet global health
need? PLoS One 9: e104059.
115. Poti, J.M., M.A. Mendez, S.W. Ng & B.M. Popkin. 2015. Is
the degree of food processing and convenience linked with
the nutritional quality of foods purchased by US house-
holds? Am. J. Clin. Nutr. 99: 162–171.
116. Dunford, E. & F. Taylor. 2018. Report on the comparative
nutritional profile of food and beverage products marketed
by the 21 largest global companies in nine countries. The
George Institute for Global Health, Sydney.
117. Augustin, M.A., M. Riley, R. Stockmann, et al. 2016. Role
of food processing in food and nutrition security. Trends
Food Sci. Technol. 56: 115–125.
118. Barba, F., P. Putnik & D.B. Kovacevic. 2020. Agri-Food
Industry Strategies for Healthy Diets and Sustainability: New
Challenges inNutrition and Public Health. Cambridge: Aca-
demic Press.
119. Axworthy, N. 2019. Danone CEO: plant-based to become
as big as dairy. Veg News, 19 May 2019. Accessed January
16, 2020 https://vegnews.com/2019/5/danone-ceo-plant-
based-to-become-as-big-as-dairy.
120. Fassler, J. 2019. After backing out of Beyond Meat, Tyson
Foods announces a new plant-based brand of its own.
The New Food Economy, 13 June 2019. Accessed January
13Ann. N.Y. Acad. Sci. xxxx (2020) 1–15 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences




121. Heingartner, D. 2018. The race to make a great fake
steak. IEEE Spectrum. Accessed January 16, 2020
https://spectrum.ieee.org/green-tech/conservation/the-
race-to-make-a-great-fake-steak.
122. Hirvonen, K., Y. Bai, D. Headey & W.A. Masters. 2019.
Affordability of the EAT–Lancet reference diet: a global
analysis. Lancet Glob. Health 8: e59–e66.
123. Afshin, A., J.L. Peñalvo, L. Del Gobbo, et al. 2017. The
prospective impact of food pricing on improving dietary
consumption: a systematic review and meta-analysis. PLoS
One 12: e0172277.
124. Hyseni, L., M. Atkinson, H. Bromley, et al. 2017. The
effects of policy actions to improve population dietary pat-
terns and prevent diet-related non-communicable diseases:
scoping review. Eur. J. Clin. Nutr. 71: 694–711.
125. Mela, D.J. 1999. Food choice and intake: the human factor.
Proc. Nutr. Soc. 58: 513–521.
126. Turner, C., A. Aggarwal, H. Walls, et al. 2018. Concepts
and critical perspectives for food environment research:
a global framework with implications for action in low-
and middle-income countries. Glob. Food Secur. 18: 93–
101.
127. Muhammad, A., A. D’Souza, B. Meade, et al. 2017. The
influence of income and prices on global dietary patterns
by country, age, and gender. Economic Research Report
256711. United States Department of Agriculture, Eco-
nomic Research Service.
128. Carolan, M. 2018. The Real Cost of Cheap Food. 2nd ed.
London: Routledge.
129. Aksoy, A. & B. Hoekman. 2010. Food Prices and Rural
Poverty. Washington, DC: World Bank.
130. Nie, P. & A. Sousa-Poza. 2014. Maternal employment and
childhood obesity in China: evidence from the China
Health and Nutrition Survey. Appl. Econ. 46: 2418–2428.
131. Eshete, H., Y. Abebe, E. Loha, et al. Nutritional status and
effect of maternal employment among children aged 6–59
months inWolayta Sodo Town, Southern Ethiopia: a cross-
sectional study. Ethiop. J. Health Sci. 27: 155–162.
132. Oddo, V.M., S.N. Bleich, K.M. Pollack, et al. 2017. The
weight of work: the association between maternal employ-
ment and overweight in low- and middle-income coun-
tries. Intl. J. Behav. Nutr. Phys. Act. 14: 66.
133. De Regil, L.M. 2017. Three reasons why integrating
nutrition and family planning is a game changer. Nutri-
tion International. Accessed January 16, 2020 https://
www.nutritionintl.org/2017/07/3-reasons-integrating-
nutrition-family-planning-game-changer/.
134. Smith, L.C. & L. Haddad. 2000. Explaining child malnu-
trition in developing countries: a cross-country analysis.
IFPRI Research Paper. International Food Policy Research
Institute, Washington, DC.
135. Starbird, E., M. Norton & R. Marcus. 2016. Investing in
family planning: key to achieving the Sustainable Develop-
ment Goals. Glob. Health Sci. Pract. 4: 191–210.
136. Bongaarts, J. & B.C. O’Neill. 2018. Global warming policy:
is population left out in the cold? Science 361: 650–652.
137. Bongaarts, J. 2016. Slow down population growth. Nature
530: 409–412.
138. Hamilton, S.F. & V. Réquillart. 2017. Market competition
and the health composition of manufactured food. Health
Econ. 26: 1637–1643.
139. AGRA. 2017. Agribusinesses and African smallholders $1
trillion food market as meals replace minerals to restart
African economic growth. Alliance for a Green Revolution




140. Campari, J. 2018. How our food system is eating away
at nature, and our future. World Economic Forum blog
post. Accessed January 3, 2019. https://www.weforum.
org/agenda/2018/11/we-must-rethink-our-food-system-
from-planet-to-plate.
141. Wahl, D.C. 2017. Making the Sustainable Development
Goals work for local communities everywhere. Notewor-
thy. Accessed January 3, 2019. https://blog.usejournal.com/
making-the-sustainable-development-goals-work-for-
local-communities-everywhere-3f00bd5db31.
142. Song, G.B., M.J. Li, P. Fullana-i-Palmer, et al. 2016. Dietary
changes to mitigate climate change and benefit public
health in China. Sci. Total Environ. 577: 289–298.
143. Chen, Y.H., X.W. Wen, B. Wang & P.Y. Nie. 2017. Agricul-
tural pollution and regulation. How to subsidize agricul-
ture? J. Clean. Product. 164: 258–264.
144. Recanati, F., C.Maughan,M. Pedrotti, et al. 2019. Assessing
the role of CAP formore sustainable and healthier food sys-
tems in Europe: a literature review. Sci. Total Environ. 653:
908–919.
145. Boerwinkel, F. & S. Paath. 2018. Taking Stock: Indonesia
Food Change Lab. Jakarta: Hivos.
146. Andrée, P., J.K. Clark, C.Z. Levkoe & K. Lowitt. 2019. Civil
Society and Social Movements in Food System Governance.
1st ed. Abingdon: Routledge.
147. Clancy, K. 2014. Food system governance. J. Agric. Food
Syst. Commun. Dev. 4: 3–6.
148. Spaargaren, G. & P. Oosterveer. 2010. Citizen-consumers
as agents of change in globalizing modernity: the case
of sustainable consumption. Sustainability 2: 1887–
1908.
149. Monteiro, C.A., G. Cannon, J.-C. Moubarac, et al. 2015.
Dietary guidelines to nourish humanity and the planet in
the twenty-first century. A blueprint from Brazil. Public
Health Nutr. 18: 2311–2322.
150. Freudenberg, N. 2016. Healthy-food procurement: using
the public plate to reduce food insecurity and diet-related
diseases. Lancet Diabetes Endocrinol. 4: 383–384.
151. Block, J.M., A.P. Arisseto-Bragotto & M.M.C. Feltes. 2017.
Current policies in Brazil for ensuring nutritional quality.
Food Qual. Saf. 1: 275–288.
152. Jaime, P.C., D.C.C. Delmuè, T. Campello, et al. 2018. A look
at the food and nutrition agenda over thirty years of the
Unified Health System. Ciên. Saúde Colet. 23: 6.
153. McKeon, N. 2009. Who speaks for peasants? Civil society,
social movements and the global governance of food and
agriculture. Interface 1: 48–82.
14 Ann. N.Y. Acad. Sci. xxxx (2020) 1–15 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences
Vermeulen et al. Changing diets and global food system
154. Connolly, A. 2018. Living in the age of the prosumer. Farm
Journal’s the Pork. Accessed January 3, 2019. https://www.
porkbusiness.com/article/living-age-prosumer.
155. Gladek, E., M. Fraser, G. Roemers, et al. 2016. The global
food system: an analysis. Metabolic, Amsterdam.
156. Watts, M. 2019. The great food transformation. C40
Cities. Accessed January 16, 2020. https://www.c40.org/
blog_posts/the-great-food-transformation.
157. Yang, J., J.G. Siri, J.V. Remais, et al. 2018. The Tsinghua–
Lancet Commission on Healthy Cities in China: unlocking
the power of cities for a healthy China. Lancet 391: 2140–
2184.
158. Gu, B., X. Zhang, X. Bai, et al. 2019. Four steps to food secu-
rity for swelling cities. Nature 566: 31–33.
159. Geels, F.W., A. McMeekin, J. Mylan & D. Southerton. 2015.
A critical appraisal of sustainable consumption and pro-
duction research: the reformist, revolutionary and recon-
figuration positions. Glob. Environ. Change 34: 1–12.
160. Pelling, M., D. Manuel-Navarrete & M. Redclift. 2012. Cli-
mate Change and the Crisis of Capitalism: A Chance to
Reclaim Self, Society, and Nature. London: Routledge.
161. McKeon, N. 2015. Food Security Governance: Empower-
ing Communities, Regulating Corporations. London: Rout-
ledge.
162. Biel, R. 2016. Sustainable Food Systems. 158. London: UCL
Press.
163. Holt-Giménez, E. 2017. A Foodie’s Guide to Capitalism:
Understanding the Political Economy of What We Eat. 69.
New York City: Monthly Review Press.
164. Oliver, T.H., E. Boyd, K. Balcombe, et al. 2018. Overcom-
ing undesirable resilience in the global food system. Glob.
Sustain. 1: 1–9.
165. Garnett, T. 2016. Plating up solutions. Science 353: 1202–
1204.
166. Mockshell, J. & J. Kamanda. 2018. Beyond the agroeco-
logical and sustainable intensification debate: is blended
sustainability the solution? Int. J. Agric. Sustain. 16:
127–149.
167. Blythe, J., J. Silver, L. Evans, et al. 2018. The dark side of
transformation: latent risks in contemporary sustainability
discourse. Antipode 50: 1206–1223.
168. Dwiartama, A., C. Tresnadi, A. Furqon & M.F. Pratama.
2017. From initiative to movement: the growth and evolu-
tion of local food networks in Bandung, Indonesia.Asian J.
Soc. Sci. Stud. 2: 91–98.
169. Warshawsky, D.N. 2016. Civil society and the governance
of urban food systems in sub-Saharan Africa. Geogr. Com-
pass. 10: 293–306.
170. Halloran, A., M.F. Fischer-Møller, M. Persson & E. Skylare.
2018. Solutions Menu: A Nordic Guide to Sustainable Food
Policy. Copenhagen: Nordic Council of Ministers.
171. FOLU. 2019.Growing better: ten critical transitions to trans-
form food and land use. London: Food and LandUse Coali-
tion.
172. WEF. 2019. Shaping the future of food. Geneva: World
Economic Forum. Accessed January 16, 2020 https://www.
weforum.org/system-initiatives/shaping-the-future-of-
food-security-and-agriculture.
15Ann. N.Y. Acad. Sci. xxxx (2020) 1–15 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences
